UNCLASSIFIED

AD NUMBER
ADA800618
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; NOV 1945. O her
requests shall be referred to National
Aeronautics and Space Adm nistration,

Washi ngt on, DC. Pre-dates fornmal DoD

di stribution statenents. Treat as DoD only.

AUTHORITY

NACA Techni cal Publications dtd 31 Dec 1947;
NASA TR Server website

THISPAGE ISUNCLASSIFIED




Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



e
US.GOVERNMENT |

IS ABSOLVED

~ L

FROM ANY LITIGATION WHICH MAY

ENSUE FROM THE CONTRACTORS IN-

FRINGING ON THE FOREIGN PATENT

RIGHTS WHICH MAY BE INVOLVED.







@;:23300“7

CONHDER A
ATI No.6# 74
WARTIME REPORT

ORIGINALLY ISSUED

November 1545 as
Advance Confidentiel Report L5G10

EFFECTS OF COMPRESSIBILITY ON THE MAXIMUM LIFT
CHARACTERISTICS AND SPANWISE LOAD DISTRIBUTION
OF A 12-FOOT-SPAN FIGHTER-TYPE WING OF

NACA 230-SERTES AIRFOIL SECTIONS
By E. 0. Pearson, Jr., A. J. Evans
‘\ }\ and F. E. West, Jr.

Q 21 \QM ¥ Langley Memorial Aeromautical Laboratory
M\ Langley Field, Va.

[ AR DOCUMENTS DIVISION, [i
] AWMC, WRIGHT FIEAD
» MICROFILM No.

RC-/E2 FLY7

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously heid under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have be€n Fapr RO s WItESut—chmmpeth order to expedite general distribution.

L -5l




HACA ACR No. L5G1O

FATICHAL ADVIZORY COMMITTEE I"OR AZRONAUTICS

LDVANCE CONFIDEITIAL REPORT

EUTECTS CF COWPRESSIBILITY Ok THZ VAXIMUM LIFT
CHARACTIRIZTICS AND SPAFVISE LOAD DISTRIPUTION

0F 4 12-YQOT-SPAN VIGHTER-TYPE WING CF
FACA 230-3ERIE3 AIRTOII 3TCTIONS
3y E. 0. Pearson, Jr., A. J. Evane
end F. E. West, Jr.

Force and pressure-distrivutlon measurements were
mede on a f'ighter-tyne wing modcl of ccnvantional
NACA R2Z0-3eries alrioll sections in the Langley l€~foot
high=-apeed tunnel to determine the effects of comprensi-
tility cn the maximur: 1ift characteristics and the span-
wise load distributliorn. The range of zngle of attack
investipated was from =10° to 24°. The Mach number range
was from 0,20 to 0.70 at snall ancd medium angles of attack
and from 0.18 tn 0.625 at very large ensgles of attaclz.

In the Mach number range from 0.1 to 0,85, the
maximum 11t cnefficlient first incrensed with increasing
Mach nuvber and then decreased rapidly after having
reached a peak% value at a llach nwber of 0.30. At ch
nunbers hirher thsn 0.85, the rate »f decreass of maxirum
1ift coefiiclent with lMach rurber wns considerably reduced.
Lt these higher speeds the 1ift coefficlent continued to
increuse with angle of atiscic well beyvond the angle at
which marked flow sepneraticn or stallinp occurred, and
the meximunm 1ift coefficient was reachked at anrles 10°
to 12° beyond the stalling ansle.

o significant chanrces in the »an louwd distrihution
weres found t cur below the shall at any of the test
speeda., ‘hen the wing stalled ot high speecds, the
resultant load underwent a moderat utboard =uilft, which
resulted In Increases in roct bending riomert up to akout
O pcrcent.
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INTRODUCTION

Viind-tunnel teects of a reztangular wing of NACTA 0012
airfoil sectisn (refsrenes 1) zhcwed that the mu~imwa 11ift
coeffielent reached a peakx value et the low Mash number of
0,19 and decreacsed raridly as the Mach number X was
irereared from thies value up tn the hiighest Maeh numnher
of the tests (il = 0,35). Although these tests were
neeecsarily limited in seope, they indicated the importance
of a knowledge of the effcet of eompressibllity on the
maximm 1ift eoefficlent both .in the esztimutlion of the
maneuvering performanee and loads of high-speed aireraft
and in the-interpretuation of wind-tunnel maximun 11ift
deta as appllied to the-predictior of esirplene cheraeter-
isties.at low speeds.

Mare- recont two-cimensianal. wind-tunnel tests of a
nurber af propeller-type mirfoils over a relatively large
Mach numder range (refercnee-2) showed effects for the
thieker airfalls sinilar:to.those .Af referenee 1 and in
addition showed large increasec in the maximwn 1ift coel-
ficient starting at llaeh rumbers of ebeut G6.5. Flight
tests of fighter airplanes reported in referenees 3 ard 4
showed larre decreacses in the 1ift ceeffielent eorre-
gponéing te the stall.up to Mach nurbers of ahout 0.6.

A high-cpeed wind-tunnel- invertigatisn of a number
of three-dimensional wings of éifferent alrfoll seetinns
has been underteken to provide maro detailed Informatlon
on the hirh-speed stalling thennmena. lLleasurements to
determine the effeet »f{ compressihility on the spanwicse
load distrlibutisn were ineluded in the pragram beeuuse cf
thiec related importanee of the loald distribution aes a
datermining faetor of the-strength rejulrements of wings..
The present report gives the preliminary results of force
and proecsure mensurements in the Luangley 16-fcot high-
speed tunnel on the first of a serles of winge. The
mocel tested was a flzghter-type wing having an aspeet
ratio of 6, a taver racle »rf 2:1, and ccrventienal
HACA 230-series uirfoll rections.
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t«r»-l)

true airspeed, feet per cecond
speed of sound in elr, feet per second
Mach numbher (v/a)

air gensity, slups per cubic foot

dynamic pressure, pounds per gquare foot (~pv )
( 4)

Reynolds nunbher

coefficient of visc. ity of alr, slugs per
foot-second

The foregolng oy bols represent the undisturbed
strean values.

c croas-seciional ares of the tunnel at the throat,
square feet

equivalent ciameter of the tunnel test =section,
e (f2)

wing area, SQURTS feet

wing span, feet

spanvwise di stance measureu from the plune of
syrmetry, fest

alrfolil chord at plane o: ayrmetry, feet
mean chord, feet (s/v)
irfolil chord at any spanvise iocation, feet

.imur thickness of aeirfoil section correaponding
to the mean chord, feat
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wing 1ift, rounds

winz 11ft coeflicient (_1.)
38

eection normal force (forece per unlt span), rounds
ner Inot
n \

sectien normal-force coefiiclant (§§}
load coeflTicicnt
b
fé'
wing nomeal-fovee coefficient 2 —; / Cr. dy
7 1
N
correcied anctle of attaclr of the root section
(section st the plane of synmetry), degrees

angle-of-cttack correcticn due to the Jet
bouniary-indvced upuesh at the 1ifting line,

degrees (::ﬁ Pics i Jv\
g &
/

£

a function of the ratin cf wing spen to tunnel

alameter ! [‘L+ b & ;'l:,"!‘ +

‘4 \J
nrle-of-atiack corrsection dvue to the jet
bouncéary-induced 3 rline curvature,

OF; °
desrees =2 £ dayg,
= 0
ALt

APPARATUS AYND NETHODS

et O

. - y
ol 3 . ne

“uYPe an. ther

following list:

)
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1
2

'f.ev Gt PREND e Sk el e o e (0 e
Taper ratio . . CEd S S SR
Cecometric and ~n~ﬁc"n4ﬂ;c “wi 1t (hﬂ?ﬁ\ut) STl
..o*t SIECIEIDN o T Lt B e i R 'ACA ‘."»016
T1p seation . . S NACA 23009
.mwd 21 (along t;l-e 1// chord 1ine), deg . i o
Sweeoback (alonz the 4 chorad 1;ne), ceg gk 2.18

The wing was of built-up steel conatrnction and wes
machined in such a manrer t“ut surface elements commecting
egual percentage-chord pcintes of the root and tip sections
rere straight lines

Thirty-three pressure orifices were distributed over
each of slx wing sectlions, the spanwiso locations of which
are given in firure ). The chorcdwise distributicen of
pressure orifices for a tyolcal section ls algo showa in
figure 1. Thke pressure tubez were orougnt out of the wing
to multiple-tube manometers in the test charber by ncans
of the bosom snd movable strut arrenzement shown in fig-
ure 2. sor the force tests the boom znd strut vwere
removed and the boom replaced with a short falring, which
is shown inr figure 1.

The wings wee mHunted ¢t the tunnel center 1ine on
shlelded =2truba having a thicimess-chord ratio of 0.15.
The thleckriess-chord ratio of the shields was 0.124. “ig-
ure 3 1z a photograph of the wing mountod vpright in tho
tunnel for the force tests.

Fost of the teat punes were made with the ancle of
attack helé constant while the tunnel speed wog varied
from about 150 miles per hour to the maximum speed
ohtairable, which Tor wing ansles of attaeck botween O
and 4° wes apnroximutely S20 miles per hovr. The corrn-
sponding liach numhor range was from C.20 to 2.70, and
the corrersponding rence of average Heyolds number was
from 3.0 x 10% to &,1 x 10°, Figure 4 zhows *the varia-
tion of averare Jeynolda numher will Hach nwaber. Vor
vory lavge wing anrles of attaclt the marimun obtainable
tunnel speed vas about 460 miles per hour, which corre-
spords to A Mach nurmber of aveout 0.€25. In the Crtcr-
minatlon of murimm 11ft coeificients additlional tests
were made with the tunnel speed held constant while tho
angle of attuck was varied in the reglon near maximum
lift. The ¢ ﬂrg" ¢ angle-of-attack range of the tests
was from -10° tc dc.

CONFIDEINTIAL
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In trhe losd-distribution tests the static pressures
over the giz wine secctions, is indicated by several
multinle-tube manometsyrs, vere recorded photographically.
e cnordwise presrure distributione determined from
tiiese photographic records were integrated rnechanically
to find the rection normel-force coelficientn.

TTONT ALY
CCRRECTIONS

Torce data.- The force data unave been correctecd for
strut tires, air-stream misalirement, ard tunnel-wall

r 3
effects.,

I'ne strut tare forces were dctermined from tests
with the wing fnverted with und thaut image support
gstruts installed. A photograph oi tlie inverted wing with

the image struts installed is given in figure 5. The
largest increments of 1ift coefllicient due to the supnort

struts wvere beotween 0,02 and C.04.

The effective miaalinement aucle of th ir strcan
waz determined frem tents of the wing upright and inverted
with the image struts instalied and waa found to be constant
at 0.15” throughout the speed rang f the tests.

In order to prevent air lesxsare oL the strut
shields, thin rubher 2iaphrarms were fitted around the
harce of the shields. 4n =24citional correctien to the
'l{. 4 ne r e d ted 9 eca € " a res sure Rl ¢ L

s the Aler ge.  This g rc¢ differential was

r=ured durine the farce terte by means of a mi~zrce-
manometer, and & culibrotbion wase with the wing
rerioved to determine the variation of 1lift force with
eure ¢ifferenticl. This correction was very srnwll
in the region of maxirmum 1ift (lesr 11 ne=1alf of
1 percent at all speedz).
The effects of the t
methods of ref
rinclipal rt

ki mpn €
in rofercnn l;

This e ti is= T

elkf‘t-" &l spanwise 1




JACL ACR Mo. LEGLO CORFIDIFTIAL

by & more exuct but more detulled procedure rased on the
experimentally determined spen loacding revealed thut the
error ireurred by the use ol the =simpler form was repli-
:ivles AC o wing 11t coefficient of 1.0 the correction
was 0,63°,

An additional correcticon to tle anrle of attack
due to &n incdueed curvature of the flow was ealculated
from the equation

daqp

This equation 13 based on the original ireorpressible-
flow derivation of relersrce €. The modifieation

Vi - M2 18 given in refercnce H. This correction
amounted to 0,1€° st a 11ft coefficient of 1.0 and a
Mach nuiber of 0.6,

Correetions to the stream veloclty, dynamic pressurs,
and Mack nurmier, and tc the wing 1ift coefiiclent due to
constriction effects werz ealculated by the method of
reference '7, The correction to the velocity 1=

AV o 0.6bTL g 0o
7 X T T =] —
Y (e ¥R :,2)6 an{ 1 - 2)

\

where AV 1s the effective lncresrentel velocity due to
constrietion, B and H 2are the broadth and helpht of

& reeturcular turnel, and Cpy 1s tlie wing profile-drag
coefficiznt. 7The two terms on the rirrt of the equation

give the veloelty increments due, respeetively, to "solid®
constrietion and "wake" constriction. Since the magnltude

of the wake coastriction effect iz & funetion of the velocity
loge 1n the wake snd the size of the wake, tlre correetlion

la expreosed In terms of the profile-drag coefilelient,

hieh i1es also a function of thosc quantitles.

o
£

o theecretical treatment of the problem of constrie-
tion effects for finite wing A rcular tunmel exiets
at the prerent t , ara the ['oregoing reletion wes thought
to represent the best avallable approximation. Az moalfied
for the earse of tI sircular tunnel, the equation became

Cp.C

YDp
3
ES

[e]
&5 -u.’) %
]

0.6bct
—, — + -
/= (\/1 a .12)" an

AAIGATTTRIMT AT
v Ua LML LAL
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vhere I in this cas

in the region oscupi : he wing.

correctlons ) the Cyne ressure, Mach n
o

nce &), snd wins 11ft cceflicient are as fo

]

-

v
= L=y
v

(]

q

The correctlors we: a1l for low anvles of attack over

ti:e entire ilach mwrber rarge. Ab ometric angle ol
19 grid a h nusker of ©.7 the corrections to
't coefflicient anc Mach nuiber were, respactively,
sreent and 0.6 percent. At engleos of attuck avove
a2tnll where tihe drag became very larre (indlc.tive of
lergs waikze), the cerrzetions assvnsd some importance.
a mennetric angle ot attack of 24¥ ard a linch numrer
¢l G.6 the correcticns to the 1i1ft coefficlent and ¥ach
nuber were 4.2 percent ond Z.2 percent, reapectively.

Progsurs-dlastribution data.~ Th resaure~Clstribution
data have been corrected ior tne 3 ffects of the

rort strutes in {hat the frec-sat alu static
rressure and dynanle preasur o wilie gaur

officlente vere hused v @ oYy ed & 5 Wwyey of
the flow 1 the teast section with rt struts end
shields 2talled. Some small 1« the
struts on the sgnanvis ad diatri 1o Y These
effects will be diacus=ed in tre zect ) ? et "Results
and Diacuasi W

e effert ol the 1 walls
dietribution was and found he
conseq tlw, thea m preszented ar

L {tunnel - 1

I
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of attack sand Mach munber are shown in figures 6 and 7.
Pipure € is presented to indicate by the scatter of the
teet points the precislon with which the data were
octained. The rane data with the test-point symbols
removed and with the horlzontal linea drawn for constant
and even values of anile of attank are glven In flgoare 7.

The variation of maximum 1ift coefficlent Cr ..

A7,
with Mach nurber is shewn in figure 3. The maximen 1ift
coefiicient increase~ with ircreasing lach nusher uncil
a Mach nuwber of about Q.20 is mcached. This ircrease can
probably be attributed to e ecmhination of Rerymnnlds numher
erd “meh nurber of fectz; however, the Revnolds numbher eflect
prohably yredoninatss in this reprlon. As the illach numbter
13 Increazed ghove 2,50, the maxirum 1Iift coefficioent
decreazes st an inereasingly rapid rote {1l a Mach nunher
of ahsut 0.55 is reached. In tie Tegion between N = 0,55
and If = 0,825 the rate of desreass cof maxinum 11ft coef-
ficlent with Mach: namter iz conciderably reduced.

The i1ift-coefficient curves af firure 7 are precented
agalr in iifure G, nlotted to & comuon angle-of-aticck
gcaje to illustrate meore clearly Lno changing coliaracter

o

of tre stall as the ['ach nvmber is ircreared. 4g the

iach nuwmner increasces absve 0.3C 1 1le of attacl: at

which the wing stalls progressively decrearss; aleo, at
Mach rmwirers helow 0,55 tre 2talling ansle and the angle
for marximum 1lift are approximztely the sume. At lach
nuwiers above 0.55, however, tie masximum 1ilt csefiliclent
sccurs al an angle of avtack 109 - 12° higher than that
at which pronouneced separution ol i hegins,.

Thene data indicate that for alirplanes with wings
gimilar to the test wing there exli-~ts a% bigh epeads a range
of nmaximum ohtainable 1ift coefficient. This ranre extends
from the 1if% coefflclient comespondine to the lnitlal
atzll (such na shown by the lower dashied curve of fipure 8)
to that corrvesponling to the actual maximum 11ft ccefficient
of the winz. A&t the lower valne of 1ift cosfficient
corresponding to the change in slope o the ft curves of
fipvre 9, increases in =~tadbility dve primarily to decreaces
in downwarh anrle are likely to occur. It might be expected
therefore that at high sreeds the umount of elevator control
wailable would be a&n inmportant factor in determiiiing the
maximun 1ift coefflcient obtairable (referance 4). Thus,
an eirplene with a limited amcunt of elevator contrcl
might be capalle of reacking o angle of atiack only u few

CONFIDEITIAL




10 SONTI

ontajnable misgkt be only =
raprenented by the lower da
¥ etiug 1= aleo likely to
fron o the wing, zo thiet pilo

22
109%ed as a possible delern

lenrees ahove the ctall, e&nd tle manlimam 11t coe

e . —————
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. ~

ishtly greaber than tho
shed curve of figure d. & 7Tatl
veeur when the flow sepirates
tiis technique cannot Le ovar-
ining factor. Pinally, at very

high Mash numters i1t 1s possivle that actual instabllity

mizht 2s encountered, in wi

ich casge hizh angles of attuck

and 11 11f%e misht bo obtained inafvartently regardless
of the control peuer,

Spanvise Joad digtributlor.- Spanwise lond distri-
bution ~urves fer reaber of values of wing rnormal-force
cosfficiert and ¥ach puuber are s n ln 2igure 10. As
mentloned previcusly the prinsipel «ffect of the suprort
strute {which i# %o incrcase the e tive rear velocity)
wag accovnted for by calibtrating the Lwinel with the ztruts
installed. ‘ihe local effect of the struts Ls to reduce
tas 1ift at 2 plven angle of sthac: by a amall amount and
to proauce Qight dlseortion In the zpan loading. Thie
dlztaorcion wmay be 3cen a7 & Alp in the zurves of fipure 10

rnear the spanwise station

-—-7--"'0.!5. g =a0lid and
v

dashcd curves of {igurs 1C represent toe joard atrftutions
belore ant after 4 stall, respectively.

The curvaes of figure 11 svrmacite the changes in span
loading that wvere found to ccecur at o hiichen te~t speeds.
o afgalfice chanres in th ran lo i inre Tound to

cour BSelow the stall at any of ¢ gposds of the Lest,
gvan whe Thack: waves vere well ootaklished sver the centerp
rart ¢ the wing. Chanres in the aran lesdinc ware
Yaerved to btale place abeve Line high-speed atsll, hov

the centaer of lcad he rwahlfted 2ard. ‘These clien

at the hirgher espeeds wepra founat Lo Ve lerate, he
largest correspondling inasreas~ in Lendi went at the
rost (for ccnstant 14 8 found te be abeunt 1Q percent
2t a ach nuuher of & wing cormal-=force efficient
of abeu: C.PE. Ths ¢ in lead distributior e bo
stalling at low snac ewiat larcar un thoass nt
Yirh speeds bHuat ar foule: if arnce hecauce
the total 11€t canuot inteined ‘eyond the all,

A conparison of the exper nlally ceteprmined load

distributlon curves at M = C.4C with tlwse ecslculuted
o

by the moihod of raference

fos
n

£ . 1) lgare 12 r

h] ~ L2 - £ o ) L i *
Values o Wing LnomMmiss=. ce ) lLCLOnT arv Le'la
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The asrecment showm is tyrlienl of that existing in the
mstalled part of the 1ift curve:z.

CO!CIUDIRG EEARKS

Viind-tunrnel tests of a tepered wing of NACA 230-zcries
airfsil sectlons at lach mwbers renging from 0,15 to 0.70

N

have shown that:

l. The maxirmum 11ft eoeflicilent firat increaned with
increasing lach number up to a linch nmter of 0,8, As
toe ach muber wos inereasec above this value the maxle
men 1ift coefflclent decreased rapldlyr.

2. A large rescuction in the rate cf decrease of maxi-
mum 1ift cocefficlient witih llach anurher ceccurred in the
Mach number ranse of 0.83 %n 0.628. The tunnel lach number
nf 0.625 wag the highest value that could be obtained et
the lerge angles cf attack reguisite for nmaximam 1lift.

3. At Pach mmbers bYelow 0.5E the anjles of attack
at wrich the maximum 11ft coelficlent vas reached anc at
which stalling occurred were approximately the Zame. At
Yach ruwrhera aveve 0,855 the antle ol ettacikt at which th
maximm 150t eoefficient was reached was 10° to 12° beyond
the anrle at which the wing initially =talled.

4. Yo zirnificant changes in the apa i distribution
occurred below the stall at any of the s; tested.

.
“oe
gcccurrea

]
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8 abevt 10 percent and aceurred at a Mach numter
and et g

viag noermal-Fforce coefficient of a out

Langley Memoriad Aeronantical Iabo atory ;
iational Zdvis Ty Commitiee for lersncutlce

Lengley ®leld, va,
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Mach nrnumber, M
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